T HE adverse effects of being overweight are not limited to cardiac function but also extend to neurological function. A convincing body of evidence shows that being overweight in midlife is associated with an increased risk for dementia ( 1 -5 ). However, to our knowledge, no previous study has assessed the association between body mass index (BMI) in midlife and changes in cognitive ability over an extended period of time. Currently, the only published study to assess the association between BMI and general cognitive ability over a long period is the Framingham Heart Study (FHS; 6 , 7 ), which showed that elderly obese men (mean age at baseline 65 years, range 55 -88 years) had an increased risk for lower performance on a global composite score 18 years later as compared with nonobese men. However, this association was not observed among women. Other studies have shorter follow-up times ( 8 ) and a higher mean age at baseline ( 9 -11 ).
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The Swedish Adoption/Twin Study of Aging (SATSA) is ideal for studying the long-term association between BMI and cognitive function because (a) the participants have been followed for 40 years after baseline assessment of BMI; (b) cognitive ability has been measured fi ve times over a 20-year period, making it possible to evaluate the rate of cognitive decline; (c) important covariates previously linked to BMI and cognitive functions, such as age, sex, lifestyle factors (education, smoking, and alcohol behaviors), diabetes mellitus, and cardiovascular diseases (CVDs), were assessed during the entire study period; and (d) dementia was screened for and diagnosed on an ongoing basis. We examined whether midlife BMI was associated with the level of cognitive performance in late life and examined the trajectories of cognitive ability as assessed by longitudinal models of cognitive change. Because the FHS found an association for men but not for women, we examined men and women separately. 
M ethods

Participants
The study sample was drawn from the Swedish Twin Registry ( 12 ) . The registry was compiled from two cohorts; the older cohort comprised same-sex twin pairs born before 1926. These participants were mailed questionnaires in 1963 and 1967 (or in 1970 for those who did not respond in 1967) that included questions about weight, height, smoking and alcohol habits, diseases and so forth. In 1973, a second cohort (born from 1926 through 1958) was mailed a questionnaire that included generally the same questions as had been asked of the older cohort.
In 1986, a subsample of the Swedish Twin Registry was invited to participate in the SATSA ( 13 ) . The aim was to study gerontological genetics. The origin of the project dates to 1978 when it was observed that an appreciable number of twins in the Swedish Twin Registry had been reared apart from one another. All twins who had been reared apart and a sample of reared-together pairs matched for birth year, county of birth, and sex were invited to participate. The study design has been described in detail elsewhere ( 13 ) . At the fi rst in-person testing (IPT) in 1986, 645 twins 50 years of age and older participated. Since then, these twins and all twins who turned 50 years of age since the last IPT were systemically interviewed and assessed on a battery of neuropsychological tests every 3 years (except in 1995) by trained research nurses in a primary care facility close to their home. Among those who participated in the SATSA IPTs, the availability of BMI scores from midlife ranged from 89% to 61%, with higher availability for the fi rst IPTs. The neuropsychological test battery included 11 tests ( 14 ) . In total, 781 individuals (60% women) had both a midlife BMI score reported in the 1963 (56.5%) or 1973 (43.5%) mailed questionnaire and at least one completed neuropsychological assessment between 1986 and 2004.
BMI was calculated from self-reported data in 1963 and 1973 as weight in kilograms divided by the square of height in meters. Previous work with SATSA indicates a very high correlation of self-reported and measured height and weight ( 15 ) . Level of education was dichotomized as low ( ≤ 6 years) or high (>6 years). Self-reported alcohol consumption, smoking, and CVDs were evaluated in midlife using the 1967 or 1973 surveys, as well in the SATSA IPTs. Participants who reported that they never used alcohol during the entire study period were coded as nondrinkers; participants who reported that they had smoked at any time were coded as smokers. Self-reported data on heart attack, angina pectoris, heart insuffi ciency, diabetes, and stroke a least once during the study period were coded as presence or absence. Persons who reported use of antihypertensive medication and/or an assessed blood pressure above 140/90 mmHg twice or more during the IPTs were coded as hypertensive. The diseases were summed to form CVD scores, which ranged from 0 to 7, with one point given if the disease or symptom was ever reported.
To create a measure of general cognitive ability, individual scores on the fi rst principal component of all cognitive measures were obtained at IPT 1 ( 14 ) . To avoid adding any error to the latent growth curve model by using a principal component that varied in defi nition at each time point, we standardized scores on each cognitive measure using the means and variance observed at IPT 1, creating an identical metric for each cognitive measure at all fi ve time points. Next, we created a global cognitive factor for each testing occasion by combining the now-standardized cognitive scores using the factor loadings from the principal component analysis conducted at IPT 1, thereby ensuring that the defi nition of the cognitive factor remained constant across testing occasions. Lastly, the factor scores were scaled into t score metrics ( 16 , 17 ) .
Dementia was continuously screened for during the IPTs. The selection criteria were as follows: participants with low scores on the Mini-Mental State Examination and cognitive tests, with a history of dementia in their medical records, with suspicion of dementia by the research nurses, who scored poorly on a telephone interview, and/or with information from refuser protocols (ie, a proxy reported that the twin had cognitive problems ( 18 )). All suspected cases of dementia were diagnosed during a consensus conference according to the Diagnostic and Statistical Manual of Mental Disorders ( DSM-III-R and DSM-IV , 4th edition) criteria ( 19 ) . All available information (research protocols, medical records, and nurses' notes) was used. During the study period, 68 participants were diagnosed with dementia.
Statistical Analysis
Differences between the study groups were assessed by chi-square test or t test, as appropriate, using SPSS version 15.0 ( 20 ) .
In this study, we employed latent growth curve modeling to measure change in cognitive performance over time and to explore the potential effect of BMI on cognitive performance over time. Latent growth curve models measure and allow for comparisons of individual trajectories of decline as well as an average trajectory of decline across the entire sample. Individual changes are assumed to follow the mean path of change for the total population, but the random effects allow the individual levels of function to be higher or lower and the rate of decline or growth to be faster or slower.
Phenotypic latent growth model with a full maximum likelihood estimate technique was used in the growth models ( 21 , 22 ) . Both linear and quadratic models were considered. Because we could not assume that the twins were independent of each other, models were adjusted to account for the correlation within twin pairs. PROC MIXED ( 23 ) was used to fi t the latent growth curve models. Growth curves were fi t to establish linear and nonlinear age trends for general cognitive ability at the mean-centered age of 65 (linear) and 65 squared (nonlinear), the age at which cognitive abilities are considered to begin to decline ( 17 ) . BMI was centered at 25, the value considered to be the breaking point between normal weight and overweight ( 24 ) .
A stepwise procedure was adopted to evaluate longitudinal trajectories. Interaction terms between linear and quadratic age, sex, and BMI scores were added to the model. We used − 2 log-likelihood test to evaluate the multiparameter hypothesis testing, starting with the full model that included all interaction terms and covariates, followed by stepwise exclusion of interaction terms and covariates that did not add anything to the model. At each step, we controlled for age, educational level, alcohol use, smoking, and CVDs. Moreover, cohort was controlled for because the members of the younger cohort had a shorter follow-up time from baseline. Because SATSA data included individuals with dementia, all analyses were carried out twice: once including all persons with dementia and once excluding them.
R esults
Study Sample Characteristics
The mean age at midlife was 41.6 years (range 25 -63 years). Participant characteristics according to sex are presented in Table 1 . At midlife, the mean BMI was 23.7 (range 17.1 -38.5); 2% of the sample were underweight (BMI < 18.5), 68.4% normal weight (18.5 -24.9), 25.9% overweight (25 -29.9) , and 3.7% obese (BMI ≥ 30). The composite score of general cognitive ability ranged from 22.81 to 75.73 during the study period, with higher scores indicating better cognitive performance. In general, men had a nonsignifi cantly higher level of cognitive functioning than women, as illustrated in Table 1 by values from IPT 1. There was no signifi cant difference in mean BMI between the 68 participants who developed dementia and those who were cognitively intact at death or in 2005.
Midlife BMI and Cognitive Functioning
Signifi cant average performance effects (intercept) on general cognitive ability were found for BMI in midlife when educational level, cohort, alcohol use, smoking, and CVDs were controlled for ( Table 2 ). Persons with a higher BMI in midlife had lower general cognitive ability in late life. Moreover, their cognitive ability declined faster, as indicated by the interaction term between age and BMI ( Table 2 ). The trajectory of change in global cognitive function from mid-to late life by BMI (21 and 25) is illustrated in Figure 1a . There were no signifi cant interaction terms between BMI, sex, linear age, and quadratic age, and adding these interaction terms did not signifi cantly improve the model, as evaluated by the -2 log-likelihood test.
Women had a nonsignifi cant lower general cognitive ability than men ( b − 1.635, p = .064). However, there were no signifi cant interaction terms between sex and linear age, quadratic age, or BMI, demonstrating that there were no sex differences in the intercept or the slope, as illustrated in Figure 1a . When persons diagnosed with dementia during the study period were excluded from the analysis, the association between midlife BMI and cognitive function became somewhat stronger ( Table 2 ). The trajectory remained about the same ( Figure 1b ) .
D iscussion
The results show that a higher BMI, representing being overweight, was associated with lower general cognitive ability and a more rapid decline in cognitive ability among both men and women. When persons who developed dementia over the course of the study were excluded, the pattern remained about the same.
Few comparable studies have evaluated the association between midlife BMI and general cognitive ability in late life. The FHS reported that elderly obese men had an increased risk for a lower level of general cognitive ability 18 years later ( 6 , 7 ), although they did not fi nd the same association in women. In this study, we did fi nd an association between higher midlife BMI and lower general cognitive ability in later life for both men and women. The most Notes : BMI = body mass index; IPT = in-person testing. * CVDs, cardiovascular diseases -including self-reported heart attack, angina pectoris, heart insuffi ciency, high blood pressure, thrombosis, stroke, and diabetes during the study period.
† First principal component. important difference between the two studies is the baseline age at which BMI was assessed. We measured BMI in middle age (mean age 44 years), whereas the FHS assessed BMIs among young elderly patients (mean age 66 years). The time point of BMI assessment seems to be of importance; several studies have reported that midlife high BMI is associated with a higher risk for dementia ( 1 -4 ) , whereas in late life, high BMI or weight is in most studies associated with an decreased risk for dementia ( 10 , 25 -29 ) . Our study showed that the association between midlife BMI and general cognitive ability remained even when persons diagnosed with dementia at any time during the study period were excluded from the analysis. Hence, adiposity might infl uence cognitive functioning independently from dementia. Despite the extensive evaluation of dementia in the present study, the possibility that those individuals who experienced more rapid cognitive decline were in preclinical stages of dementia cannot be ruled out as previous studies have shown that cognitive function starts to decline more than 10 years before the clinical onset of dementia ( 30 -32 ) .
There are several pathways by which being overweight might increase the risk for lower cognitive function. Being overweight is a common denominator in CVD, and being overweight is also related to infl ammation. Both CVD and infl ammation have been linked to an increased risk for cognitive impairment and dementia ( 33 ) . Still, most studies, including ours, show an association between being overweight and cognitive impairment even when CVD and diabetes are controlled for. However, this does not rule out the possibility that CVD is the link between overweight and cognitive decline, particularly when considering that both hypertension-and diabetes-related conditions are underdiagnosed in the general population ( 34 ) and hence not captured and controlled for.
The main strengths of our study include its populationbased design, the long follow-up time with repeated evaluations of cognitive function using a battery of cognitive tests, and a midlife perspective of CVD and lifestyle factors. A composite cognitive outcome measure has several advantages over single measures of cognitive function; for example, composite measures reduce the sources of measurement error such as different diffi culty levels and fl oor and ceiling effects ( 35 ) . In our study, dementia was diagnosed using an extensive research protocol that included several cognitive tests and nurses ' evaluations, which have previously been shown to capture most dementia cases in a Swedish setting ( 36 ) . Nevertheless, there are limitations that need to be discussed. Although BMI is correlated with fat mass ( 37 , 38 ) , it does not assess body fat distribution, which has been linked to the development of CVD. For example, it is a well-known fact that waist circumference is a stronger predictor of CVD diseases than BMI. Accordingly, Whitmer and colleagues ( 4 ) reported that central obesity is a better predictor of dementia than BMI. Unfortunately, neither waist circumferences nor any other anthropometric measures were available in our study at baseline. It should also be mentioned that the proportions of participants in this study who were overweight or obese were relatively low, which might be due to the fact that height and weight were self-reported. Nevertheless, previous analyses of SATSA demonstrate that there is a very high correspondence between measured and self-reported weight ( 15 ) . Furthermore, the proportions from this study were representative of the proportions of overweight and obese persons in the Swedish population in 1960 and 1970.
Implication
These fi ndings suggest that reducing the BMIs of individuals in midlife might represent a strategy for improving cognitive function in late life.
